Our knowledge of the fairly extensive series of iso-quinoline derivatives has recently been considerably augmented by Pyman.1 He undertook the study of the oxidative decomposition of laudanosine with the object of producing 6: 7-dimethoxv 2-methyl 3:4-dihydroiso-quinolinium chloride, which, in view of its close chemical relationships to hydrastinine and cotarnine, was expected to have a similar physiological action. The work was continued along lines opened up by the original investigation, and a number of other new substances were made. These new substances have been examined with a view to determining their pharmacological action, and although the examination cannot be considered as exhaustive, sufficient has been done to suggest an interesting relationship between chemical structure and physiological action. This relationship is still further emphasised when the structure and physiological action of closely related compounds, which have been worked out by other observers,-is taken into consideration.
Our knowledge of the fairly extensive series of iso-quinoline derivatives has recently been considerably augmented by Pyman.1 He undertook the study of the oxidative decomposition of laudanosine with the object of producing 6: 7-dimethoxv 2-methyl 3:4-dihydroiso-quinolinium chloride, which, in view of its close chemical relationships to hydrastinine and cotarnine, was expected to have a similar physiological action. The work was continued along lines opened up by the original investigation, and a number of other new substances were made. These new substances have been examined with a view to determining their pharmacological action, and although the examination cannot be considered as exhaustive, sufficient has been done to suggest an interesting relationship between chemical structure and physiological action. This relationship is still further emphasised when the structure and physiological action of closely related compounds, which have been worked out by other observers,-is taken into consideration.
I desire, therefore, to bring forward this relationship in the first part of this paper, and to devote the second part of it to a consideration of the action of one of the new iso-quinoline derivatives which appears to possess features which may render it of use in therapeutics, namely, 6:7-dimethoxy 2-methyl 3:4-dihydro-iso-quinolinium chloride.
PART I
The action which is characteristic of a large number of iso-quinoline alkaloids is that of producing a condition of increased reflex excitability. The degree of hyperexcitability induced by these substances varies within wide limits. The effect is comparable in many instances with that of strychnine. It is this strychnine-like effect which appears to bear a definite relationship to chemical structure.
There are three series of compounds corresponding to three series of alkaloids which illustrate the relationship:
I. Narcotine and its derivatives. II and is the parent of the first series of alkaloids we will consider. It is readily decomposed into opianic acid and cotarnine, and from the latter a series of compounds have bee-n made which produce convulsant effects when aidministered to animals.
HIydrocotarnine, which occurs in small quantity in opium, was shown by Falck, 3 Stockmann a-nd Dott4 to produce strychnine-like effects. It THE ACTION OF SOME ISOQUINOLINE DERIVATlVES 245 is 8-methoxy 6: 7-methylene-dioxy 2-methyl-tetrahydro-iso-quinoline.
CH,
GH2<KO_CH2 CH80 CH2
It has been shown by Heinz,5 who worked with material prepared by Freund 
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The only other tetrahydro-iso-quinoline compound in this series that I have tested is acetonyl bis (6: 7-dimethoxy 2-methyl-tetrahydro-isoquinoline). Reduce this to 6: 7-dimethoxy 2-methyl-tetrahydro-iso-quinoline and the strychnine-like effect reappears in full strength.
It is thus evident that a different law prevails in the case of iso-quinoline derivatives without a methyl group on the nitrogen, but sufficient examples are not available for a generalisation.
It seems clear, however, if the compounds containing hydroxy groups or keto groups are excepted, that one generalisation will cover all these iso-quinoline alkaloids. Iso-quinoline compounds substituted in 6:7:8 positions with methoxy or methylene-dioxy groups are convulsant when the nitrogen is trivalent, and are devoid of this effect when the nitrogen is pentavalent.
PART II
The alkaloid which forms the subject of this part of the paper is 6: 7-dimethoxy 2-methyl 3 :4-dihydro-iso-quinolinium chloride. As will be seen from the structural formulae below, it has close chemical relationships with hydrastininie and cotariline. These two alkaloids have for long enjoyed a reputation in therapeutics as haemostatics, particularly in abniormal uterine conditions. The similarity in chemical constitution suggests a similarity in physiological action. This would seem to be the more probable when the similar action of the parent alkaloids and other derivatives from them. is taken into account.
Reference to the earlier part of this paper will make this point clearer.
The close relationship between the new alkaloid and hydrastinine and cotarnine is well shown in their structural formulae. It was therefore considered advisable to undertake a comparative investigation of the three substances. This appeared to be the more desirable since it was soon clear that differences in action between these three compounds were for the most part differences of degree and not of kind.
Previous investigators have unfortunately obtained very contradictory results when working with hydrastinine or cotarnine. This necessitated the conduction of a number of experiments with a view to ascertaining their mode of action with greater certainty, and if possible reconciling the divergent views of earlier workers. A number of experiments were also undertaken to determine the action of 6: 7-dimethoxy 2-ethyl 3: 4-dihydro-iso-quinolinium chloride. It was found that in most respects its action did not differ materially from that of the corresponding 2-methyl compound. But it is considerably more toxic.
6: 7-dimethoxy 2-methyl 3: 4-dihydro-iso-quinolinium chloride was given hypodermically in varying doses to frogs and guinea-pigs. Very little can be made out by this means of investigation beyond the two facts that it is depressant to the nervous system and that the cause of death in the mammal is failure of the respiration.. When 50 mgm. doses of the alkaloid are given to guinea-pigs (about 700 grams) no abnormal symptoms are noticeable for the first twenty or thirty minutes. At the end of this time there is usually observable a few signs of depression, such as disinclination to, move, cessation of feeding, etc. When the animal is disturbed, however, the movements are well co-ordinated and apparently normal.
With larger doses, 100 mgm. for a guinea-pig of about the same weight, the depression becomes much more obvious, and towards the end of the first hour succeeding the administration of the alkaloid the respiration becomes slower and is slightly laboured. This dose is sometimes fatal, and it is noticeable that the respiration becomes gradually slower and more laboured and then intermittent. The heart continues to beat vigorously until the respiration is failing. With the failure of respiration the heart beat becomes weaker, and a few convulsive movements ensue and the animal dies.
A guinea-pig survived three subcutaneous doses of 75 mgm. of the alkaloid in twenty-four hours. It is therefore either readily destroyed or rapidly excreted. imatde with cotarniine, anid essentially thle same clinical picture was seen with toxic doses; but cotarnine appeared to be less toxic. Doses of 150 mgm. of cotarniiiie were found to be fatal for guinea-pigs of about 700 gramis, but 100 mgm. doses were niot. The heart beat also did not appear to be quite as well mainitainied during the later stages of poisoning by this substanice. On the central nervous system these three alkaloids exert a depressanit action, and cause death by respiratory failure. The failure of the respiration is of central origin, silnce there is no evidence of anay well-marked peripheral action by these three substances (see later). The vascular system. A series of experiments were performed with a view to determine the action of 6: 7-dimethoxy 2-methyl 3 4-dihydroiso-quinoliniium chloride on the vascular system. These were for the most part performed uponi pithed cats, but a number were also performed upon anaesthetised animals. Chloroform, ether, paraldehyde and ether, anad urethane, were the anaesthetics employed. The main features of the results obtained upon cats were confirmed upon rabbits.
When a dose of 10 mgm. of the new alkaloid is injected into the blood stream of a pithed cat, and the blood pressure is recorded by a mercury manometer from the carotid artery, there is noticeable a rise of blood pressure. At the same time as the blood pressure rises the heart beat becomes slower and the oscillations of the mercury manometer increase in size. Witlh larger doses, 20 mgm., the same action is observable, but both are slightly miore mnarked. Considerable variation is met with in the height of the rise of blood pressure. It is niever very large, and rarely exceeds 40 mmi. of miercury with doses of 10-20 ingm. Fig. 1 shows one of the smaller rises of blood pressure; others will be seen in other figures. The rise in blood pressure is the result of two factors-(1) slight vaso conlstriction, (2) iniereased cardiac output.
The rise of blood pressure being partly accounted fol by increased cardiac activity, and being never very large, it will be obvious that the vaso-conistrictioni imiust be slight. It was found, indeed, that the vasoconstriction was nLot easy to demnolnstrate.
Inspection of the viscera during the admiinistration of a full dose of thte alkaloid appeared to show that some conistrictioni of the arterioles occurred, but it was never iniconitestable except in the case of the highly vascula'r orgaiis, suclh as the uterus of a virgini rabbit. Inl this instanice slight pallor occurred as the result of the administration of the (drug, but the experimeent is complicated by the fact that the alkaloid causes a contr.aetion of the uterinie miuscle. In olncoiimetric observations a change of organi volume is sometinmes seeni, but as a rule the volume remains practically unichalnged. It would seemii that the rise of blood pressure compensates for the vaso-constrictioni, aind the blood conitent of the viscus is iunialtered. The intestines and kidneyls were the viscera employed in making onicometric observationis. (See fig. 16 .)
In order to eliminate the effect of variations in blood pressure, a numiber of l)erfusion experiments were performed upon isolated organs.
Slight slowiing of the venous outflow was noticeable as the result of injecting 6: 7-dimetlhoxy 2-methyl 3:4 diihydro-iso-quinoliniium chloride inito the perfusioln caninula. Fig. 2 is a drop record of the venous outflow froin a rabbit's kidney under the influence of the alkaloid. The effect is small and of slhort duration. A number of experiments were performed with a, perfusion apparatus similar to that employed by Brodie and Dixon23 whlen studving the innervatioin and action of drugs on the vessels of the lungs. Here the veenous outflow is collected in a small air-tight receiver, from which it is sucked away by a pump which is capable of very fine adjustment so as to balanice exactly the venous outflow. The volume of the fluid in tlhe receiver is recorded by a Brodie bellows recorder. Variations in venous outflow cause variationis in the amount of fluid in the receiver, and hence in the record traced by the bellows recorder. In all cases 6: 7-dimethoxy 2-methyl 3: 4-dihydroiso-quinolilnium chloride caused a slowing of the venous outflow.
The vaso-constriction is the result of an actioln of the alkaloid uponi the plain muscle of the arterioles, anid caninot be attributed to an action oni nerve endinigs or the vaso-motor centre. For the rise of blood pressure is nio greater in an ainaesthetised animal with the vaso-miotor centre initact than in a pithed aniimal with the vaso-motor centre destroyed; inideed, it is usually less in the former case thaii in. the latter. The effect of the anaesthetic might account in part for this, but the response to the alkaloid was nio greater in a high-pithe(d .animal (respiratory and vasomotor centres intact) thani in a low-pithed animal. AMoreover, after sufficient ergotoxinie had beeni giveni to cause complete reversal of the adrenine response (see Da,le,2 1 22), the rise of blood pressuire was unimpaired.
In this respect it appeared act first that 6: -dimethoxy 2-methyl 3: 4-dihvdro-iso-quiiioliniuim clloride differed fromii hi1drastinine, for most observers attribute the vaso-constriction it induces, in part at any rate, to an effect on the vaso-motor centre. Thus Falk6 & 12 found that hydrastinine produced a constriction of the arterioles, which he attributed in part to an action on the vaso-motor centre, since chloral in large doses diminished but did not abolish the rise in blood pressure induced by this substance. Marfori7 found that section of the cord in the cervical region in a dog abolished the usual rise of blood pressure induced by hydrastinine. But the protocol of the experiment illustrating this point shows that his animal was in very poor condition after the operation.-Ronsse24 found that chloral bad practically no effect on the rise of blood pressure induced by hydrastinine. Pick'3 found a diminution of venous outflow from the femoral and mesenteric veins in a dog as a result of the administration of hydrastinine.
Kurdinowski18 found no variation in the rate of outflow from a perfused isolated uterus, and therefore attributed its specific constriction effect to a central action. von Bunge,14 on the other hand, found an increased outflow from the veins of isolated perfused kidneys and diminished outflow from the veins of perfused hind limbs and spleen. He attributed the effect of hydrastinine to an action on a peripheral nervous mechanism end not on the muscle, because he found that the venous outflow from an organ which was removed from the body and perfused at once, was diminished when hydrastinine was added to the perfusion fluid, while the venous outflow from the organ which was perfused some hours after death of the animal, was increased when hydrastinine was administered. In his view the nerve or nerve-ending died before the muscle, and this explained the difference in the result of the two cases. In this position he stands alone, and the evidence in his favour is not of the best.
In view of this conflicting evidence, a number of experiments were made with hydrastinine, and it was found that its action on the vessels is almost identical with that of 6: 7-dimethoxy 2-methyl 3-4-dibydroiso-quinolinium chloride.
It produces a rise of blood-pressure of about the same height as that of the new alkaloid. As will be seen later, this is partly explained by increased cardiac output. It produces a slight vaso constriction and diminished outflow from the kidney vessels ( fig. 3 ). It produces a similar degree of diminished venous outflow from the hind limbs of a cat perfused by the Brodie-Dixon method. The rise of blood-pressure is not greater in animals under anaesthesia with the vaso motor-centre intact than in 2S56 pithed animals. A high-pithed animal does not show a better response than a low-pithed one. Finally, after sufficient ergotoxine had been given to reverse completely the adrenine response, the rise of bloodpressure induced as the result of the administration of hydrastinine is unimpaired (fig. 4) . The evidence in favour of a central action is not good, and depends for the most part on a supposed selective depressanit action of chloral on the vaso motor-centre, and is disproved by the evidence adduced above. The action of hydrastinine is due to a direct effect on the muscle of the arterioles, and is at best a weak one, very similar to that of 6: 7-dimethoxy 2-methyl 3: 4-dihydro-iso-quinolinium chloride. Cotarnine is usually stated to have no effect on the arterioles, (Falk, 15 Marfori,16 Ronsse, 24) and this is in agreement with the results of my experiments. When a dose of this substanice is injected intravenously into a pithed cat there is produced a sudden fall of blood-pressure with a slow return to the normal.
Kehrer found in some few cases a slight rise after the primary fall, and he attributes this to a central effect. The amount of the rise appears to have been trivial, and was probably due to some other factor, since it was variable in bis experiments and absent in my own. The colour of the viscera remains unchanged under full doses of the substance or in some instances there is a tranusient flush observable, but this effect is slight. Fig. 5 shows the result of adding cotarnine to the perfusion fluid, which was employed to perfuse the hind limbs of a rabbit. There is practically no alteration in venous outflow. In some instances a slight increase in venous outflow was obtained.
Action on the Heart. The second factor in the rise of blood-pressure is increased cardiac output. When 6: 7-dimethoxy 2-metliyl 3-4-dihydroiso-quinolinium chloride is injected into the perfusion cannula which is being employed to perfuse an isolated heart after the Locke-Langendorff method, there is noticeable a slowing of the heart beat accompanied by an increase in force. When cardiometer records are taken of the cardiac output, the results are very similar. Fig. 6 In other words, the output per minute is increased bv a little less than one-fifth.
In this respect also hydrastinine has a very similar action to that of the new alkaloid.
Cotarnine, oln the other hand, does not produce the same effect. The heart becomes slower, but the output remains the same, or may evenl be diminished (marked decrease in force of heart beat or output per beat is unusual). Fig. 9 Siuce the effects of these three substanlces on the vascular systeni cannot explain their reputation as haemnostatics, it appeared to be possible that theylmight aid the process of blood coagulation. A number of experiments were therefore conducted to determiine the iniflueimme of these substances oni the clotting of blood-plasma anid fibrinogeni solutiolus.
None of them can replace fibrin ferment. In small doses they did not affect the rate of clotting, or, as far as could be determined, the consistenicy of the clot. In large quantity they delay the rate of clotting. 10 A method for tiining the rate of blood coagulation on small samples was then emnployed, and blood taken from the ear vein of a rabbit. Here the results were again very irregular in the normal animal. Thus coagulation times as low as fifty-eight seconds are obtained if the blood be taken from a large ear vein and pressure is employed along the vein to aid the expulsion. On the other hand, if the bleeding is taken from a very small superficial vein near the tip of the ear the coagulation time may be nearly four minutes. The results obtained depend on the amount of kiniase picked up by the blood during its passage from the vessel to the surface, and this depends on (1) the depth at which the vein lies, (2) whether' pressure is used to aid the expulsion of the drop of blood. This method was therefore abandoned since the results obtained are incapable of accurate interpretation. Attempts were also made to measure coagulation times by bleeding a series of samples tlhrough a paraffin-coated cannula from the carotid artery. Ina this case also.
clotting started in the cannula at the end of twenty minutes, and the coagulation times became very irregular. These methods having failed to demonstrate any action of the series of alkaloids on the coagulation of the blood, the point was not further investigated. It is clear that none of these substances have a profound influence on the coagulation time of blood since they never cause intravascular clotting even when given in heroic doses.
So far the haemostatic effect of these substances is unexplained, but, as will be seen below, these drugs have a definite effect on the uterine musculature, and it is thie effect which is probably the source of their reputation in therapeutics. Their rational application appears to be limited to uterine haemorrhage.
Action on the Uterus. On the isolated uterus of cat, rabbit, or guinea-pig, the effect of a few milligrams of 6: 7-dimethoxy 2-methyl 3: 4-dihydro-iso-quinolinium chloride is to produce a well-marked increase in tonus. The degree of contracture varies considerably with different organs, but the response is always motor. Fig. 10 shows the effect of 10 mgms. of the new alkaloid on an isolated virgin cat's uterus suspended in 250 c.c. of warm oxygenated THE ACTION OF SOME [SOQUINOLINE DERIVATIVES 261
Ringer solution. On this particular uterus a dose of 3 mgms. produced an almost maximal response. Occasionally a poor response is met with, as the result of a dose of 10 mgm. a slight rise of tonus witlhout any alteratioln in the rhythm may be the only observable effect.
Similar results are seeni whleni similar q-tuantities of lhydrastinine are given under these conditions ( fig. 13 ). Kurdinowski15 found identical results in the case of perfused isolated rabbits' uteri. Cotarnine with small doses (3 mgms.) does not give quite suchi a good response as the otlher tw-o; but, in view of the variability in the degree of the response, no great weiglht canl be attached to this point. The effect of 10 mgms. is showAn in fig. 12 . It is in all essentials similar to tle other two. Kehrerm7 founid sinilar effects witlh cotarnine in the case of the cat's uterus. Whlen the mnovements of the uterus are studied in the body the results depenld onl the animal used. Tlle responise is differenat for example in the preginanit cat from that in the noln-pregiiant. In the nion-pregnant cat an injectioln of 10 mgms. of 6: 7-dimethoxy 2-methvl 3:4-dihydroiso-quinolium chloride causes a relaxationi of the uterus anid inhibition of rhythim ( fig. 13 ). This effect persists after section of the lhypogastrics. It is evi&ent, since the isolated uterus gives a definite motor response ( fig. 10) , that the effect of this alkaloid upon the inusele of the uterus is overcome by an inhibitor effect genierated in the cells of the postganiglioniic neurones of the sympathetic system. The doniinaiit influence of these cells is in the nion-pregnanit cat inhlibitor (Dale2l).
That this is the explaniation of the relaxation is probable, since when large doses of nicotine have been given, and these cells are greatly depressed, the response to the alkaloid becomes motor.
Mloreover, in the pregnianit cat, wlhere the dominanit sympathetic supply lhas becomelmotor (Dale) , the effect of this substance is to produce contraction.
Again, in the rabbit, which has a dominaint motor supply in iiol-pregnant and pregniant conditions, the response to the alkaloid is a well-marked powerful conitraction ( fig. 14) Oni the urine flow the new alkaloid has practically no actionl. In olne experiment a transienit diminiution of the urinie flow was noticed after 20 mgims. of this substance had beein given intravenously, accompaniied by a small tranisient diminutioni in kidney volume. Fig. 16 shows the result of another experiment. The rise of blood-pressure counterbalances the vaso constriction, kidney volume is practically unaltered, anid the urinie flow%-remains unchanged. It is noteworthy that a diminutioni in urinie flow was noticed by Falk12 as the result of the adminiistration of hydrastinliiie, while other observers could detect no difference. My experiments lead me to the conclusion thAt such effects as are produced by these drugs on the urine flow are so slight as to be negligible.
Excretion. It appeared probable from the fact that von BungeM4 detected hydrastinine in uriine that the path of excretion would be the same in the case of 6: 7-dimethoxy 2-methyl 3: 4-dihydro-iso-quinolinium chloride. 0 2 gram. of this substance was given in a gelatine capsule by mouth to a dog. The urine was collected for the next twenity-four hours, and worked up in the followinig manner:-After a preliminary filtrationi the urine was made strongly alkaline with caustic soda, anld shaken out four times with chloroform.
The chloroform extracts were joined together and washed with a small quantity of water. The chloroform extract was then shaken with dilute hydrochloric acid. The aqueous layer, which was of a primrose-yellow colour, was made strongly alkaline with caustic soda and the extraction with chloroform repeated.
The chloroform extract was washed with water and taken to small bulk on the water bath after the addition of a few drops of hydrochloric acid. A yellow residue remained. This was crystallised from alcohol and ether and again from chloroform. The product consisted of clusters of fine primrose-yellow needles, but was contaminated by traces of amorphous brown pigmnent. Yield 0065 mgms. or 32 per cent. of theoretical. The product nielted at 53.5-550 C., and when mixed with its own bulk of the drug originally administered it melted at 56-57°C. The melting point of 6: 7-dimethoxy 2-methyl 3: 4-dihydro-iso-quinolinium chloride is 61-62°C. (corr.). The physical properties of the product were the same as the original product, and, moreover, the physiological action was identical; it produced a rise of blood-pressure accompanied by some slowing of the heart beat ( fig. 17) , and had the characteristic effect on the isolated uterus.
There can be no doubt, then, that the method of excretion of this iso-quinoline derivative is by the urine. The yield obtained was not very large, but it is very probable that if larger doses were given and the urine collected for a longer period after the administration that this would be greatly increased.
This series of iso-quinoline derivatives is without action on intestinal movements. Isolated rabbit's jejunum suspended in a Ringer bath continues its rhythmic movements, unaltered in time, extent or tonus, when any one of this series of alkaloids is added to the bath.
Bladder. The tone of the bladder is very slightly increased by 6: 7-dimethoxy 1-methyl 3:4-dihydro-iso-quinolinium chloride, and this was also found to be the effect of hydrastinine. Cotarnine, on the other hand, was without effect.
Respiration. As was noticed in the earlier part of this paper, 6: 7-dimethoxy 2-methyl 3: 4-dihydro-iso-quinolinium chloride and hydrastinine and cotarnilne have an effect oIn the respiratory centre. In large doses their depressant action on the centre is sufficient to cause cessation of respiration and death.
Slowing of the respiration without significant alteration in depth was noticed when doses of 20 mgras. of any one of the three iso-quinoline derivatives was administered intravenously and the respiratory movements recorded above the blood-pressure. Cotarnine has a slightly more marked effect than the other two.
6: 7-dimethoxy 2-methyl 3: 4-dihydro-iso-quinolinium chloride has practically no effect on striped muscle. A nerve-muscle preparation soaked in 1 in 1,000 solution of this alkaloid in Ringer solution for two hours responded quite well to electrical stimulation of its nerve, or of the muscle direct. This concenitration is considerably above that which can occur in the body. Santessont9 found that there was a slight diminution in sensitiveness to stimulation through the nerve when large doses of hydrastinine were given to frogs. He compares this result with those he obtained with iso-quinoline and N-methyl-iso-quinoline.20 The miethylationi of the nitrogeni producing a mild curare effect. The 
